NiMnSb half-Heusler alloy in the form of a rod has been prepared by rapid quenching (suction-casting) method. The rod is characterized by single phase C1 b crystalline structure with lattice parameter a =5.982 Å. Magnetic measurements reveal an isotropic character of bulk NiMnSb alloy. Our study shows relatively high spin polarization of bulk NiMnSb in the range 35-50%.
Introduction
Heusler alloys are new perspective materials for many applications as spintronics, magnetocaloric cooling etc. The Heusler alloys are divided into two types: half Heusler alloys and full Heusler alloys [12] . Typical example of a half-Heusler alloy is NiMnSb. NiMnSb has general formula XYZ and crystallizes in noncentrosymmetric cubic structure C 1b . This composition is a very interesting material for application in spintronics devices due to its high spin polarisation, high Curie temperature and small value of Gilbert damping [34] .
Typically, Heusler alloys are prepared by arc-melting method followed by high temperature (up to 1073 K [5] ) and long time (up to 3 month [5] ) annealing. In last years, the rapid quenching method has been applied for a fast production of large amount of alloys without the necessity of long thermal treatment [6] .
In this contribution, we show the structural and magnetic characterization of NiMnSb half-Heusler alloy prepared by rapid quenching method. Alloy exhibits single crystalline phase with high Curie temperature and high isotropic magnetic properties. The local value of the spin polarization parameter in as-cast state ranges from 35 to 50%.
Experimental
NiMnSb alloy was prepared by Arc-melting method followed by suction-casting into the Copper whole. This * corresponding author; e-mail: vargovaz@upjs.sk method allows production of rods with 3 mm in diameter, having a length of 30 mm.
The phase and microstructure were characterized by X-ray diraction (XRD, Cu Kα) and scanning electron microscopy (SEM) with EDX analyser.
The temperature dependence of the saturation magnetization and hysteresis loops for bulk were measured by vibrating sample magnetometer VERSALAB in Presov in the temperature range 10-400 K with applied magnetic eld of 1 T. The hysteresis loops were measured at 50 K.
Point-Contact Andreev Reexion Spectroscopy (PCAR) measurements through a microconstriction between a superconducting Nb tip and NiMnSb samples [7] have been used for the local study of spin polarization. In order to obtain the best spectral resolution, the experiments have been realized at temperatures (usually T = 1.5 K) much lower than the superconducting transition temperature of Nb (T S c = 9.2 K).
Result and discussion
SEM analysis of NiMnSb rod shows radial orientation of grains (see inset of Fig. 1 ) that results from high temperature gradient during suction casting. SEM/EDX conrms large homogenity of composition. Chemical composition, obtained from the EDX analyses, is similar to stoichiometric composition of NiMnSb, however there is a small lack of Ni and small excess of Mn (Ni = 29.9%, Mn = 36.2% and Sb = 33.9%).
XRD points to a single crystalline phase that was identied as crystalline C 1b structure, space group F43m (see Fig. 1 ) with lattice parameters a =5.982 Å.
Measurements of hysteresis loops in parallel and perpendicular direction with respect to rod axis (see inset of (206) Fig. 2 ) conrmed relatively high isotropic structure (saturation elds in both directions are similar). However, the small anisotropy can be expected having easy magnetization axis in parallel direction. Hysteresis loops show coercive eld H C ∼7.8 Oe for parallel direction and 4.5 Oe for perpendicular direction. Estimated magnetic moment is 4.04 µ B /f.u. that is comparable to the theoretically calculated one (∼ 4µ B /f.u.). The Curie temperature exceeds our temperature range (400 K see Fig. 2 ). Typical T C for NiMnSb should be in range of 730-1112 K [3] . The spin polarization parameter P has been determined from tting of the PCAR spectra measured on dierent Nb-NiMnSb point-contacts (at T = 1.5 K) using the two-channel model of Strijkers et al. for spinpolarized PCAR currents I P C [7] . In this model I P C is a weighted sum of a fully spin-polarized current I sp and a non-polarized Andreev reexion I AR . The weight P of I sp denes the spin polarization parameter of the system. Via tting our curves for this model we have obtained the local values of the spin polarization parameter P scattered in the range 35-50%, depending on the point-contact tip position. Typically, the measured spin polarizations for NiMnSb bulk alloys are in the range of 44-100% [3] . The lower value of spin polarization could be ascribed to small o-stoichiometric composition of our sample. Moreover, spin polarization is extremely sensitive to X-Y and X-Z disorder in XYZ half-Heusler alloy. Hence such disorder can also result in lower spin polarization of rapidly quenched Heuser alloy. Such a problem can be solved by re-annealing [6] . 4. Conclusions In the conclusion, we report on the fabrication of NiMnSb half-Heusler alloy by arc-melting followed by rapid quenching using suction casting method. Such a method allows production of rods having diameter of 3 mm and length of 30 mm. Structural analysis shows single C 1b structure (lattice parameters a = 5.982 Å) with the crystals gowth in radial direction (with respect to the rod axis).
Magnetic measurements reveal high isotropy of sample with a slight easy axis in axial direction. Magnetic moment is 4.04µ B /f.u. ts well the theoretically estimated values. The local value of spin polarization of rapidly quenched NiMnSb alloys varies within the range 35-50%. The smaller value of spin polarization compared to another experiments could be ascribed to the slightly ostoichiometric composition or X-Y and X-Z disorder in XYZ alloy.
